−q 2 g µν + q µ q ν Π(q 2 ) ≡ i dx e iqx T j µ (x) j ν (0)
with the electromagnetic current j µ . C 4 -C 10 : extension to higher moments by Padé method, using analytic information from low energy (q 2 = 0), threshold (q 2 = 4m 2 ), high energy (q 2 = −∞) (Kiyo, Maier, Maierhöfer, Marquard, 2009) 
R(s)
• depends moderately on α s !
• Π(q 2 ) is an analytic function with branch cut from (2m D ) 2 to ∞.
• averaging over resonances reduces influence of long distances (binding effects).
• Π(q 2 = 0) and its derivatives at q 2 = 0 are short distance quantities.
Ingredients (charm) experiment:
• ψ(3770) and R(s) from BES
• α s = 0.1187 ± 0.0020 theory:
• N 3 LO for n = 1, 2, 3, 4
• estimate of non-perturbative terms (oscillations, based on Shifman)
• careful extrapolation of R uds (2006) • narrow resonances: R = (1 + r
(1) Potential improvements in analysis 1) Combined fit to lowest three moments ⇒ optimal usage of experimental information, ⇒ requires dedicated analysis of correlation.
2) More "aggressive" choice for δα s :
α s = 0.1189 ± 0.002 ⇒ α s = 0.1184 ± 0.0007 (PDG 2012) 3) Theory error from perturbation series (2 − 3 permille) instead of µ-variation ⇒ δm c below 10 MeV • different relative importance of resonances vs. continuum for n = 1, 2, 3, 4 • δα s
• combined analysis of 3 lowest moments
• improved data 
through two virtual photons quarkonium: short distance calculation • improved Γ(J/ψ → e + e − ) etc.
• improved R charm and R bottom
• combined analysis of lowest three moments direct resonant production of χ 1c is possible
• through a dedicated scan around 3.511 GeV
• perhaps through radiative return → improved insight in charmonium dynamics
